Summary. In guinea pig tissues the activities of the enzymes D-gluconokinase, sorbitol dehydrogenase, Dribulo-and D-xylulokinase were measured. D-ribulose and D-xylulose were prepared by isomerisation of D-ribose and D-xylose in pyridine and separated by preparative paper chromatography. The activity patterns of the ~ entulokinases were identical in all tested organs. The ighest activities of these two enzymes were found in adipose tissue, when referred to soluble cell protein, and was higher than the activity in liver and kidney. The high enzyme activities of the pentulokinases in adipose tissue may explain the antilipolytic effect of these pentitols and pentoses in diabetes. The activities of sorbitol dehydrogenase and gluconokinase showed a similar activity pattern in all tested organs of the guinea pig. The highest activities were found in liver and kidney and the lowest in the adipose tissue. The direct metabolism of gluconate in adipose tissue seems impossible. The activity of the pentulokinases are diminished in the tissues of the diabetic rat.
I. Introduction
Pentoses and pentitols, which are metabolised without insulin by the pentose phosphate cycle and glUcuronic acid pathway, had an important position in the dietetic treatment of diabetes mellitus. In the diabetes diet these pentoses and pentitols were used as "exchange carbohydrates". The "exchange carbohydrates" have diminished in importance in the dietetic treatment of diabetes mellitus because of their calorycontent. Nevertheless, the special metabolism of these compounds, which have been shown to have an antilipolytic and antiketogenic effect, has clinical and biological importance.
The aim of the following paper concerns the activity pattern of the enzymes which eatalyse the first steps in the degradation of xylitol, ribitol, D-ribulose, D-gluconic acid and sorbitol. Therefore, the activities of the following kinases and of a dehydrogenase have been determined in different organs of guinea pigs and rats: ATP: D-xylulose 5-phosphotransferase (EC 2.7. All other reagents were of analytical grade.
2. Preparation of D-ribulose and D-xylulose was performed according to Toustor's method [3] .
Experimental animals
The following experimental animals were used: I. Male guinea pigs weighing 250--300 g from Firma Gierlich, Bochum, II. male Wistar II rats (Firma Briinger, Bokel, W'estfalen) with an average weight of 200 g.
Rats were made diabetic by intraperitoneal injection of alloxan [8] .
The blood sugar concentration in the diabetic animals was analysed by the glucose-oxidase method. The glucose concentration in the urine was determined by test tape.
The animals were decapitated and heart, liver, kidney, spleen, muscle, brain and epididymal fat pad were excised as rapidly as possible, cooled immediately and then homogenized in 0.154 M KC1-0.04 M NaHCOa, pH = 7.2. The homogenization was performed at 0~ during 90 sec with a homogenizer of Firma Biihler, Erlangen. The blender was driven at top speed for 90 see. The tissue homogenate was spun down at 100000 g for 30 rain at 0~ The clear supernatant was taken for the determination of enzyme activity and protein content, according to Lowry etal. [9] .
The activity of the gluconokinase was measured according to Leder [10] , of the sorbitol dehydrogenase according to Gerlaoh [11] , of the D-ribulokinase and Dxylulokinase according to Hickman and Ashwell [ 12] .
HI. Results

Preparation of D-ribulose
a) Preparation of D-ribulose by paper chromatography (Touster [3] ) D-ribulose was prepared from D-ribose after isomerisation in pyridine. The separation of D-ribulose from D-ribose was performed by paper chromatogra-phy. The gain of D-ribulose was about 100 mg per paper sheet. The D-ribulose was eluted and concentrated to a colourless syrup. In the orcin reaction the characteristic absorption spectrum was seen with a maximum at 435, 540 and 670 nm. The ratios of the maximum absorption were E435/E54o=0.58 and E54o/ Eel0=0.68. The purity of the isolated ribulose was tested by thin-layer chromatography on Kieselgel G. with the solvent system ethylacetic acid: isopropanol 65:35. The following R~-values were found: D-ribulose: 0.36, D-ribose: 0.26.
The preparation of D-xylulose was performed similarly. Thero~was no D-ribose and D-xylose in our preparation of D-ribulose and D-xylulose as tested by thin-layer chromatography.
b) Preparation of D-ribulose and D-xylulose by ion exchange chromatography (Khym and Zill [7] )
With this method we could not get satisfactory resuits. Although the elution buffer was varied over a wide range we could not find any pure fraction with the typical spectrum of the ribulose, the maximum absorption at 540 nm being always lower than at 435 nm. There were always impurities of D-ribose and Dxylose in our preparation as revealed by thin-layer chromatography.
b) Acti~dty of the sorbitol dehydrogenase (Table 1) Activity of sorbitol dehydrogenase was found in all investigated tissues. Like gluconokinase, the highest activity was found in liver and kidney. The testis had only 1/10 of this activity, followed by the spleen and the heart. In brain, muscle and adipose tissue there was only 0.5--3% of the activity found in liver and kidney.
c) Activity of the D-xylulokinase (Table 1) The activity of this enzyme was found in all tested organs and was highest in the liver, when referred to wet weight. 25--30% of the activity in liver was found in kidney, muscle, adipose tissue, spleen and brain. In testis and heart there was only 15% of the liver activity.
When the activity of the enzyme was referred to soluble protein, the highest activity was found in adipose tissue, which exceeded the activity in liver by 160% (1 g adipose tissue contained 1.5% protein).
d) Activity of the D-ribulokinase (Table 1) The highest activity was found in the liver, when referred to wet weight. Lower activities were found in spleen, kidney, muscle, adipose tissue, heart and testis (50--20%). The lowest enzyme activity, with 10% of 
Determination of enzyme activity in the organs of the guinea pig
a) Activity of the gluconokinase (Table 1) The activity of the gluconokinase was found in all tissues except adipose tissue, where the activity of the enzyme could not be determined. The highest activity was found in liver and kidney, when expressed in terms of wet weight as well as mg protein. The testis had only 10% of the activity compared with the liver. The other organs had only 0.5--4% of the activity found in liver. the activity in liver, was found in the brain. When the enzyme activity was referred to soluble cell protein, adipose tissue exceeded the activity in the other organs (150%).
Comparison of the enzyme activities in the tested organs (Table 1)
Quantitative ratios of the single enzyme activities did not give constant proportions. The gluconokinasc had the lowest activity 0I all ATP-transferases as seen in the 8 investigated organs, the activity being The activities of ATP-transferases and sorbitol dehydrogenase have thc same order of magnitude in the liver, kidney, heart, spleen, and testis. In adipose tissue the activity of the sorbitol dehydrogcnase is only 3.5~o of the D-xylulokinase and D-ribulokinasc.
Activities of the gluco~wkinase and xylulo~inase in normal and diabetic rats (Table 2)
The activities of the tested ATP-transferascs are reduced by 50~ in the organs of diabetic animals compared with the controls. The difference is statistically significant (for the xylulokinase P < 0.01 and for the gluconokinase P < 0.005). 
IV. Discussion
In recent years xylitol has attained some clinical application in diabetes therapy. The adult organism can degrade 10--20 mg xylitol per minute per kg body weight. This degradation can be compared with the metabolism of fructose and corresponds to approximately 80% of the glucose metabolism. Xytitol can be metabolised without insulin and it was assumed that approximately 80~/o of the xylitol is degraded in the liver, the remaining 20% being metabolised in cxt.rahepatic organs, namely in the kidney [25] . The erythrocytes [17] , the heart muscle of the guinea pig [18] and the adipose tissue [19, 20] are able to mctabolise xylitel, too. In adipose tissue xy!itol has an antilipolytic action without raising the blood sugar concentration; the radioactivity of the applied xylitol-14C is found firstly as 14C02 or in lipids respectively [26] . As the metabolism of xylitol follows initial dehydrogenation with the aid of NAD-xylitol dehydrogenase (polyol dehydrogenase) via D-xylulose-5-phosphate, the activity of these enzymes was determined in several organs. Simultaneously the activities of the D-ribulokinase and D-gluconokinase were measured.
Surprisingly we found high enzyme activities of the pentulokinases in adipose and muscle tissues. The predominance of adipose tissue in the enzyme activities of the pentulokinases is seen when the enzyme activity is referred to soluble cell protein. For the metabolism of pentitols in adipose tissue free permeability of the polyalcohols across the cell membrane and dehydrogenation from pcntitols to pentuloscs must proceed. The permeation of the polyalcohols is not centrollcd by insulin [23] . The dehydrogenation of xylitol is performed by a NAD-xylitol dehydrogenase in adipose tissue [21] . The antiketogenic effect of xylitol in diabetes may be explained --apart from the effect of xylitol on insulin secretion in the islets of pancreas --by the metabolism in the liver and in adipose tissue, via xylulosc-5-phosphate to COs, acetyl-CoA and aglycerophosphatc, respectively. These compounds are metabolites of the synthesis of fatty acids and triglyceridcs. The muscle tissue has high enzyme activities too. If these enzyme activities are referred to the whole muscle mass and the whole adipose tissue of the body, then the total activity in these tissues exceeds the activity of the liver and kidney. Therefore balances in the degradation of xylitol or ribitol must take into consideration the whole fat and muscle tissue of the organism.
The rate-limiting step in the degradation of xylitol seems to be the NAD-xylitol-dehydrogenase, the activity of this enzyme being lower in the fat pad than the activity D-xylulokinase (D-xylulokinase 55:1:18 nMol/ mg protein/rain, NAD-xylitol-dehydrogenase 15.2___ 3.4 nMol/mg protein/rain [21] ). In diabetic rats the activity of the glueonie acid pathway should be enhanced [22] . In contrast we found the activity of the D-xylulokinase diminished. In this field further investigations must be carried out.
In contrast to the pentulokinases the other two tested enzymes, D-gluconokinase and sorbitol dehydrogenase, show another activity pattern in the tested organs. We found low, sometimes not determinable activity of the D-gluconokinase in adipose and muscle tissue, so that the metabolism of D-gluconate seems only to be possible in liver, kidney, brain and heart muscle. In this case the liver and kidney must have a nutriti~'e function for the adipose and muscle tissue.
